Abstract
16
The presence of the ammonium sulfate causes salting-out of the organic material and the formation 17 of two liquid phases. However, we are not aware of previous laboratory studies focusing on LLPS 18 in SOM in the absence of inorganic salts.
19
This paper focuses on phase transitions of SOM produced by -pinene ozonolysis free of inorganic 20 salts. -Pinene was chosen for the precursor gas for SOM because it is an important contributor to 21 organic particle mass in the atmosphere, especially in regions such as boreal forests (Cavalli et al., (Table 1 ).
9
At the outlet of the flow tube reactor, particles were collected using one of two different methods.
10
In the first method, after charging in a bipolar charger (TSI, 3077), a portion of the flow (1.5 slpm)
11
was sampled into a Nanometer Aerosol Sampler (TSI, Model 3089). The particles were collected 
18
To represent SOM from the ozonolysis of -pinene the oxidation products listed in Table 2 condensed-phase composition of oxidation products from the ozonolysis of -pinene. Three 23 different mixtures of the oxidation products were used in the current study (see Table 2 ). The SOM-high and SOM-low mixtures, but the share of the more oxidized products was increased.
28
Water uptake and CCN activation for these mixtures were simulated assuming that all oxidation products remained in the condensed phase without further gas-to-particle partitioning to isolate the 
4
The oxidation products and mole fractions used in the thermodynamic modelling studies were used 5 to 1) improve our understanding of the phase state of multicomponent organic mixtures such as 6 those generated during SOM formation from α-pinene ozonolysis and 2) to explore the possible 7 implications of liquid-liquid phase separation in multicomponent organic mixtures such as 8 SOM. However, the oxidation products and their mole fractions were not intended to reproduce 9 the laboratory conditions used here or atmospheric SOM.
10
In addition to detecting the presence of LLPS, the thermodynamic model was used to predict the 
19
where σ is surface tension at the particle-air interface, Mw is the molecular weight of water (18 g 20 mol -1 ), R is the universal gas constant, T is temperature (298K), ρw is the density of water (1 g cm
3 ), and dp is diameter of droplet. The following equation was used to calculate CCN (Petters and 
1 and dc and Sc are the critical diameter and saturation ratio, respectively. of light scattering from a hemispherical uniform particle (Bertram et al., 2011). Above ~95% RH,
10
the particle underwent spinodal decomposition, resulting in two phases (see Fig. 1 and Movie S1).
11
Spinodal decomposition, a phenomenon by which the phase transition occurs with essentially no 12 free energy barrier to nucleation of a second phase, is evident from the formation of the many decreasing RH starting from close to 100% RH. At ~98% RH, the particle contained two liquid 20 phases. As the RH decreased from ~98% to ~95%, the thickness of the SOM-rich phase increased,
21
while the amount of the water-rich phase decreased. Below ~95% RH, the two phases merged into 22 a single phase. As the RH was decreased further to < 0.5% RH, no abrupt change was observed,
23
indicating the absence of any further phase transitions. Figure 2 and Movies S3-S4 show similar 24 pictures and movies as Fig. 1 and Movies S1-S2, except in this case the SOM was generated using 25 a higher particle mass concentration in the flow tube reactor.
26
Figures 1-2 and Movies S1-S4 show that there are differences in the process of LLPS and the 27 resulting morphology depending on the direction of the RH change. For increasing RH, spinodal 28 decomposition was identified as the mechanism of phase separation. For decreasing RH, 1 disappearance of phase separation occurred by merging of the two phases.
2
Experiments were also carried out to determine if the lowest RH at which two phases existed 3 depended on the direction of RH change. Values for the lowest RH at which two phases were 4 observed when increasing and decreasing RH are listed in Table 1 and shown in Fig. 3 (black 5 circles correspond to increasing RH and red circles correspond to decreasing RH). Table 1 and Fig.   6 3 illustrate that the lowest RH at which two phases were observed did not depend significantly on 7 the direction of RH change. Figure 3 and Table 1 also show that within uncertainties of the 8 measurements, there is no effect of the SOM particle mass concentrations in the flow tube reactor 9 on the lowest RH at which two liquid phases were observed for the range of 75 to 11,000 μg m -3 .
10
Also included in Figure 3 are typical SOM particle mass concentrations measured over a boreal confirm LLPS with SOM produced using atmospherically relevant particle mass concentrations.
15
The behavior observed here for SOM is consistent with bulk thermodynamics. Consider, for point, the mixture separates into an organic-rich phase and a water-rich phase. As water is further 21 added to the system, the two phases co-exist until a large amount of water has been added, at which 22 point all the organic material dissolves into the water-rich phase. The formation of two phases is 23 due to the non-ideality of the mixture. I.e. if the mixture was ideal, LLPS would not be observed. is increased as is the case for the low SOM loading (SOM-low) with a particle mass concentration on the first maximum in the Köhler curve and also lowers the barrier of the second maximum.
23
During the activation process, the surface tension is expected to increase as the phase state changes 
27
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Size bar is 20 µm. Size bar is 20 µm. Panel B corresponds to a dry diameter of 100 nm and a surface tension of water. 
